Herbal oil vapours from Hippophae rhamnoides L. (Elaeagnaceae), and Calendula officinalis L. (Asteraceae) were tested for their toxicity against the adults of Sitophilus granarius L.. According to our hypothesis the mentioned oils can become potential bioagents against stored product pests. The results revealed that both studied essential oils exerted strongly toxic effect on S. granarius, but C. officinalis triggered higher mortality. The efficacy (94.62±2.63%) was reached after a 48-h exposure to H. rhamnoides oil at 2 ml kg -1 while the application of 2 ml kg -1 of C. officinalis oil for 24 h produced 98.94±1.00% mortality rate. Insect mortality was hyperbolically-featured, and increased with the duration of the exposure to the examined oils. Mortality was 100% at 5 ml kg -1 of H. rhamnoides after 24-h duration of its application, while with C. officinalis the same value could be reached after a 12-h exposure to the oil. The progeny pronouncedly recovered from the treatment of both essential oils applied.
Granary weevil Sitophilus granarius L. is a typical cosmopolitan pest. It can cause significant damage to stored grains, and can drastically decrease yields (Fava and Burlando, 1995) . Damaged grain has reduced nutritional-and market value, low percentage germination, and reduced weight (Stejskal and Kucerova, 1996) , which, coupled with the need of reducing the use of synthetic chemicals in agricultural production, calls for environmentally friendly, economical and effective methods for diminishing damage caused by S. granarius in stored grain stocks.
Insecticides are the most commonly used protectants in stored grain against stored-product pests in many European countries. They are applied directly to the product and provide protection as long as the insecticidal effect persists. However, these pesticides have negative side-effects in case as they can be toxic to mammals since the residues can accumulate in the treated products. Furthermore, many pest species can become resistant against the protectants (Arthur, 1996) .
In this regard plant-derived essential oils may prove to be viable alternatives due to their broad-spectrum pest-control properties. They have potential applicability as fumigants against stored product insects (Sarac and Tunc, 1995; Tripathi et al., 1999; Tunc et al., 2000) . Additionally, their repellent, growth-inhibiting and reproduction-retarding effects on storage pests have been demonstrated (Su, 1991) . Many species of oleaginous plant families possess insecticidal and repellent effects against S. granarius, the most important of which are the Lamiaceae family, but several species of Apiaceae, Ana cardiaceae, Asteraceae and Myrtaceae may also contain several important insecticidal compounds.
Here we report the findings of our investigation conducted in order to determine the efficacy of different essential oils when applied to stored grain stocks. Treatment with the essential oil of Rosmarinus officinalis L., resulted in more than 50% mortality in the adults of granary weevil at 35 °C (89%) and 40 °C (99%) (Yildirim et al., 2011; Laznik et al., 2012) . A satisfactory efficacy of the other essential oils, Lavandula angustifolia Mill. (90%), Mentha balsamea Willd. (97%) and Salvia officinalis L. (94%), was attained only at the highest temperature applied (Laznik et al., 2012) . Origanum acutidens Hand.-Mazz oil showed 68.3% mortality . One hundred percent mortality was achieved by Calmasur et al. (2006) with 2 μl/l air doses of the essential oils of Achillea biebersteinii Afan. and A. wilhelmsii Koch against S. granarius. Kordali et al. (2006) concluded that essential oils and their major components (1,8-cineole and terpinen-4-ol) of three Artemisia species are potential control agents against this pest. Concerning their potential use in biological control of pests jeopardising stored grain-health, Pistacia species were investigated by Aslan et al. (2004) . Although desirable insecticidal effects against S. granarius were achieved with essential oils of Pistacia lentiscus L., P. terebinthus L. and P. vera L., the oil of P. vera was found to be the most effective. Complete kill could be achieved for the essential oil of P. vera at 4 and 8 μl/l air for 96 h.
Further, Hyptis suaveolens L. essential oil and its major constituents were evaluated for their repellent activity against adults of the granary weevil S. granarius in Petri dish-tests and in pitfall bioassays (Benelli et al., 2012) . The repellent activity of Ocimum species was proven by , . Although the antibacterial effect of the essential oils of Hippophae rhamnoides L. (Chauhan et al., 2007; Michel et al., 2012) and Calendula officinalis L. (Chakraborthy, 2008; Efstratiou et al., 2012) have been explored, their insecticidal potency is not known in detail.
The aim of this study was to contribute to endeavours made in this direction by assessment of the toxicity of H. rhamnoides, and C. officinalis oils so that the control of S. granarius in stored grains via biological means would eventually become possible. The examined essential oils were tested on oil-impregnated paper and no data are presented on the effect of oil-grain mixtures. This techniques would qualify as "organic" and are in line with principles and practices of organic farming standards. Therefore, our results may give impetus to efforts made in order to explore environmentally-friendly means in combating this serious pest.
Materials and Methods
Untreated, clean and entirely infestation-free maize grains were used for experimentation. The maize grain samples were treated with two types of herbal plant oils, H. rhamnoides and C. officinalis. The herbal oils of H. rhamnoides and C. officinalis were purchased from HBHM Global Ltd. (Kaposvár, Hungary) in 50 ml bottles. The herbal oils used were 100% natural essences of medicinal plants. The oils were stored at 5 °C until use. Individuals of adult S. granarius were obtained from stocks maintained at Pest Rearing Laboratory of the Hungarian Government Office of Somogy County, Department of Plant Protection and Soil Conservation.
The applied concentrations besides the untreated (control) samples were as follows: 0.5 ml kg -1 , 1 ml kg -1 , 2 ml kg -1 and 5 ml kg -1 of grain. The consistent distribution of oils dripped on the surface of the grain was ensured by thorough mixing for 5 minutes (Laznik et al., 2012) .
To evaluate the acute toxicity on adults for each dose, five samples of 200 g maize grain were treated. Each sample was placed in a small glass vial, 20 healthy S. granarius adults of mixed sexes were added, after which the vials were covered with well-ventilated textiles and placed in incubators at 26±2 °C and 60±7% rh. Dead adults were counted after 12, 24, 48 and 72 h.
To assess persistence effect [i.e. long-term consequences of the treatment (Ilboudo et al., 2010; Laznik et al., 2012) ], all conditions were the same as in acute toxicity-experimentation only the covering materials of vials and exposure times were different. One of the groups was covered with ventilated textiles (VT), whereas the others with perforated nylon film (PN). Dead adults were counted after 7, 14 and 21 d.
For determining the effect of plant oils on progeny, following the 21-day count, the adult insects (both dead and alive) were removed from both parts of each sample, after which the vials were returned to the incubator for another 45 d. After this period, the emerged S. granarius adults were counted, classified as dead or alive and removed from the vials. These adults were observed for survival and progeny production as an indication of reproductive ability.
Mortality was evaluated as a function of both 1st/time elapsed after exposure and 2nd/dose rate. Mortality counts were corrected by using Abbott's (1925) formula. The data were analysed using the one-way ANOVA in SPSS 11.5 software, with weevil mortality as the response variable and 1st/time after exposure and 2nd/dose rate as the main effects. Means were separated by using the Tukey (HSD) test, at P≤0.05. The numbers of progeny were also examined statistically by the one-way ANOVA software (Tukey test, P≤0.05). The effect of the covering materials (ventilated textile compared to perforated nylon film) was analyzed by Student t-probe (P≤0.05).
Results
Mortality of S. granarius adults was significantly affected by the exposure time to both herbal oils (H. rhamnoides: df=6, F=22.580, P=0.000; C. officinalis: df=6, F=7.478; P=0.000) . All main factors (e.g. applied doses) impacting on the mortality level of S. granarius were significant at each exposure time with the exception of ventilated textile (VT) covering samples treated with C. officinalis for 14 d and 21 d, which were not significant at P<0.05 (Tables 1 and 2 ). Furthermore, both covering types (VT, PN) were also statistically proven to have an effect on mortality of S. granarius.
Insect mortalities are shown in (Fig. 1) . As expected, the mortality of insects increased in the treated samples with the duration of the experiment. An increase of insect mortality caused by higher doses of applied herbal oils was evident from 12 h onward. An increase in the applied doses results in an increase in insect mortality. The changing mortality values show a hyperbolical trend as a function of exposure. Almost complete destruction of experimental insect populations could be observed in the case of 2 ml kg -1 dose until 72 d. Consequently, the highest dose applied yielded insecticidal efficacy within the shortest timeframe for both herbal oils. Mortality was 100% at 5 ml kg -1 of H. rhamnoides 24 h after the commencement of the treatment, whereas this mortality rate was reached following 12-h exposure to C. officinalis. Table 2 One-way ANOVA parameters for main effects (applied doses) for mortality levels of Sitophilus granarius adults within persistence exposure times (7-21 d 
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Acute mortality caused by both examined oils was remarkable. The threshold efficacy (above 90%) was reached at applying 2 ml kg -1 of H. rhamnoides oil after a 48-h exposure time, while for C. officinalis (oil at 2 ml kg -1 ) this period was 24 h. The lower doses were effective after a longer period of exposure time. The acceptable threshold efficacy could not be reached at the lowest dose (0.5 ml kg -1 ) of both herbal oils at any exposure times. According to the observations on the persistence exposure times 90% 
Kazinczi et al.: TMV on common milkweed Keszthelyi et al.: Effects of oil of Hippophae rhamnoides and Calendula officinalis on Sitophilus granarius in stored maize
Acta Phytopathologica et Entomologica Hungarica
260
average mortality was reached at 1 ml kg -1 dose of C. officinalis on the 14 th day, while the same dose of H. rhamnoides resulted in this level of mortality on the 21 th day. In addition, large differences among average mortality values obtained for the examined herbal oils were demonstrated with regard to the observed insect mortality and treatment efficacy during the implementation of the experiment. These differences were most conspicuous in the case of lower doses (0.5 and 1 ml kg -1 ). After a 12-h exposure, a dose of 0.5 ml kg -1 of C. officinalis resulted in an average mortality of 20%. In contrast, the same dose of H. rhamnoides triggered only 14% decay in the experimental insect populations. In C. officinalistreated samples the experimental insect mortalities were 1.26-1.63 times higher at doses of 0.5 ml kg -1 , and 1.05-1.31 times higher at doses of 1 ml kg -1 , respectively, as compared to H. rhamnoidestreated maize exposed for the same period of time (Fig. 1) . This discrepancy could not be detected at higher doses yet, due to the high mortality values.
The effect of covering types (VT and PN) of samples on insect mortality was statistically proven for both examined oils (H. rhamnoides: df=89; F=12.466; P=0.001; C. of ficinalis: df=89; F=4.395; P=0.039) . Lower insect toxicities were measured in the majority of cases in samples covered by perforated nylon. These conspicuous differences levelled only in the case of complete devastation triggered by higher doses (2 and 5 ml kg -1 ). Progeny production of S. granarius and the percentage of dead progeny treated with oils of H. rhamnoides and C. officinalis can be seen in Table 3 . Progeny numbers of distinct covering types statistically differed from that of intact samples (untreated) (VT: N°. progeny=6.40±0.50, % dead adults=13.82±7.33; PN: N°. progeny=30.2±3.52, % dead adults=5.46±0.97) (t=0.002). The progeny was apparently set back by both herbal oils. In addition, a complete suppression of progeny production was achieved with the highest doses of both oils. However, the increase in the applied oil doses to the adult progeny does not show decrease in the experimental populations. The difference between the effects on progeny of the examined oils could not be proved by Student t-probe in any cases. Likewise, in all cases, the effect of oil treatment on the number of dead progeny adults could not statistically be confirmed. At all doses examined, progeny production was higher in samples covered by perforated nylon, but this difference could statistically be confirmed only at 0.5 and 1 ml kg -1 doses of. H. rhamnoides.
Discussion
Our results are in agreement with several reports that plant extracts may potentially be used to protect stored product against S. granarius. However, most of the studies examined the insecticidal effects of these herbal oils when they were air-pulverized or paper-impregnated (Regnault-Roger, 1997; Tunc et al., 2000; Aslan et al., 2004; Calmasur et al., 2006; Kordali et al., 2008; Kotan et al., 2008; Conti et al., 2011; Yildirim et al., 2011; Laznik et al., 2012; Zoubiri and Baaliouamer, 2012) .
In this investigation, the herbal oils of H. rhamnoides and C. officinalis mixed with maize grains were found to be significantly effective against adult and larvae of S. gra narius. However, the acute and persistence effects of C. officinalis were considerably The insecticidal effect was influenced by the doses of the herbal oils, exposure times and covering type of treated grain samples. Higher doses and longer exposure time (e.g. Rosmarinus officinalis L.: 7.4 μl/l air, 63% mortality on 3 d) resulted in maximum toxicity on S. granarius. Our results reveal, that the quick, acute effects against S. grana rius can be seen at only high doses (2 ml kg -1 : H. rhamnoides 48 h, C. officinalis 24 h) of the examined plant extracts. Moreover, the lower doses of these herbal oils triggered an acceptable mortality in the persistence period (1 ml kg -1 : H. rhamnoides on 21 d 89.79% mortality, C. officinalis on 14 d 90.76% mortality). This result corroborates the findings of some earlier studies (Yildirim et al., 2011; Laznik et al., 2012) .
Results of our laboratory test -as compared to those reported in the literatureconfirm the efficacy-influencing effect of covering type. The higher toxicity in samples covered by perforated nylon can be explained with the obstruction of active compounds volatilization and concomitantly higher temperature. According to Zoubiri and Baaliouamer (2012) , mortality was found to increase as a result of an increase in the concentration and the temperature of herbal oils. After a 72-h exposure-time there was a significant difference in mortality between exposures at 25 and 30 °C.
The use of herbal oils as alternatives to control coleopteran insects in stored grains is a sustainable alternative due to the fact that the oils used are derived from natural resources. Such oils could function as a contact toxin, fumigant, repellent, anti-feedant, and oviposition inhibitor (Stefanazzi et al., 2006) . Some research has demonstrated that herbal oils have neurotoxic, cytotoxic, phototoxic and mutagenic activities in different organisms (Bakkali et al., 2008) . Furthermore, herbal oils act at multiple levels in insects, thus, the possibility of generating resistance is improbable (Faraone et al., 2015) . Therefore, it is concluded that herbal oils should be considered as natural alternatives for the control of stored-grain insects.
